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NATIONAL DAM INSPECTION
PROGRAM

PHASE I INSPECTION REPORT

BRIEF ASSESSMENT

Identification No.: MA00619

Name of Dam: Holden Reservoir No. 2

Town: Holden

County and State: Worcester County, Massachusetts .. --

Stream: Tatnuck Brook - Tributary of the Blackstone
River,-

Date of Inspection: September 13, 1978

The dam at Holden Reservoir No. 2 is an earth-
fill dam with a rubble masonry core and a cutoff trench "
in bedrock. The dam was constructed about 1900 for a
water supply reservoir by the City of Worcester. The
dam is about 530 feet long and 48 feet high above the
original streambed. The spillway is a 40-foot-long, --,-
ungated ogee weir with a stilling basin. The spillway,
which is located at the east abutment of the dam, has
a crest elevation (El) of 718.0. The outlet conduit is
a 30-inch diameter, cast-iron pipe. Discharge from the
outlet conduit is to a stilling basin at the botton of
the spillway channel. The controls for the outlet and
for two 30-inch intakes are located in the gate house ,,'" -
located upstream of the dam, in the reservoir. The
water from the reservoir is chlorinated at the chlorina-
tion building and pump station located downstream of S O
the dam.

There are deficiencies which must be corrected
to assure the continued performance of this dam. This
conclusion is based on the visual inspection at the
site, available engineering data, and review of operat-
Ing and maintenance procedures. Generally, the dam is
in good condition. According to the Corps of Engineers
guidelines for the classification of hazard potential,
the dam has been placed in the "significant" hazard
category. . - -
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The following are visible signs off distress
which may Indicate a potential hazard at the site:-0
cracked and missing mortar in the walls of the spillway .

channel; cracking and slumping off grouted riprap near
the gate house; settlement cracks in the vicinity of
the central pier off the spillway bridge; efflorescence ~:Z &

in the walls and in the stone bridge over the spillway;
deterioration of the granite ogee weir; accumulation off
soil and rock in the stilling basin; dense growth of
vegetation in the downstream channel; and numerous
animal burrows in the downstream face off the dam.

Hydraulic analyses indicate that the spillway
can discharge a flow off 1,830 cfs (cubic feet per
second) with the reservoir surface at El 724, which is IL .
the average elevation of the crest of the dam. An
outflow test flood of 4,220 cfs (one-half the probable
maximum flood (PMF)) at water surface El 724.2 will -

overtop the dam. The spillway can discharge 43 percent t_
of the test outflow.

It is recommended that the Owner employ the ser-
vices of a qualified consultant to conduct a more .~..

detailed hydrologic and hydraulic study for this site;
evaluate the capacity of the spillway; and design
repairs for the spillway and training walls. In addi-
tion the Owner should accomplish the following: repair
the stone training wall and concrete floor of the spill-
way and channel; repair the bridge above the spillway; ***

clear the accumulated soil in the stilling basin; clear
the downstream channel; and fill in the animal burrows. .* ..-

The Owner should continue the program of maintenance
inspections.

Repair of the spillway and training walls should
be undertaken by the Owner within a year of receipt of _Z:
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this Phase I Inspection Report. The remaining work .>.. -
should be implemented within two years. An alternative
to these recommendations would be to lower the water
level in the reservoir.

Cn15Ewar M. Greco, P.E.V4

Pect Manager
Metcalf & Eddy, Inc. -

L No. 08365

Approved by: ..-.. '

* ,: egs tra io ,...'. -. :S"

Stephkcn L. Bishop, P.E.("; ... ,.
Vice President .
Metcalf & Eddy, Inc. ,

Massachusetts Registration ,
No. 19703

--.. ... . " .i.

- -' ". % .•

* , . . % % "

• .. ".% .2". %.%""

. a * - - ' "

,- S.-. .-.ERV-OR N 2*......*~-..,-- .',.-.*.....................

5.*. % *5***. . *" .-

.. c: .5-:.*:

HOLDENRESERVIR NO.2 DAM. ....... ..* .



This Phase I Inspection Report on Holden Reser-
voir No. 2 Damn has been reviewed by the undersigned
Review Board members. In our opinion, the reported
findings, conclusions, and recommendations are consis- >
tent with the Recommended Guidelines for Safety
Inspection of Dams, and with good engieering judgment
and practice, and is hereby submitted for approval. ..

CARNEY~~~ M. TEZAMME

JOSEPH~~~~- A.MERCARA

Che,-D Mae.al DTHEtin, Lab.
WatedatConro Barach Brnc
Engineering Division
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PREFACE

This report is prepared under guidance contained
in Recommended Guidelines for Safety Inspection of
Dams, for a Phase I Investigation. Copies of these
guidelines may be obtained from the Office of Chief of .x--.
Engineers, Washington, D. C. 20314. The purpose of a
Phase I Investigation is to identify expeditiously those
dams which may pose hazards to human life or property. 0 O'
The assessment of the general condition of the dam is
based upon available data and visual inspections. De-
tailed investigation, and analyses involving topographic
mapping, subsurface investigations, testing, and detail-
ed computational evaluations are beyond the scope of a --
Phase I Investi-ation; however, the investigation is- -
intended to identify any need for such studies.

In reviewing this report, it should be realized
that the reported condition of the dam is based on
observations of field conditions at the time of inspec-
tion along with data available to the inspection team.
In cases where the reservoir was lowered or drained
prior to inspection, such action, while improving the
stability and safety of the dam, removes the normal
load on the structure and may obscure certain condi-
tions which might otherwise be detectable if inspected
under the normal operating environment of the struc-
ture.

It is important to note that the condition of a
dam depends on numerous and constantly changing inter-
nal and external conditions, and is evolutionary in
nature. It would be incorrect to assume that the pre-
sent condition of the dam will continue to represent
the condition of the dam at some point in the future.
Only through continued care and inspection can there be
any chance that unsafe conditions be detected.

Phase I inspections are not intended to provide O •
detailed hydrology and hydraulic analyses. In accor-
dance with the established Guidelines, the Spillway
Test flood is based on the estimated "Probable Maximum
Flood" for the region (greatest reasonably possible
storm runoff), or fractions thereof. Because of the
magnitude and rarity of such a storm event, a finding .

that a spillway will not pass the test flood should not
be interpreted as necessarily posing a highly inade-
quate condition. The test flood provides a measure of
relative spillway capacity and serves as an aid in
determining the need for more detailed hydrologic and
hydraulic studies, considering the size of the dam, its
general conditions and the downstream damage potential.

HOLDEN RESERVOIR NO. 2 DAM
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NATIONAL DAM INSPECTION
PROGRAM:" "- " "

PHASE I INSPECTION REPORT

HOLDEN RESERVOIR NO. 2 DAM

SECTION 1

PROJECT INFORMATION

1.1 General

a. Authority. Public Law 92-367, August 8,
1972, authorized the Secretary of the Army,
through the Corps of Engineers, to initiate a
national program of dam inspection throughout - 3-,.
the United States. The New England Division
of the Corps of Engineers has been assigned
the responsibility of supervising the

.** ~."inspection of dams within the New England c .
Region. Metcalf & Eddy, Inc. has been
retained by the New England Division to
inspect and report on selected dams in the
State of Massachusetts. Authorization and
notice to proceed was issued to Metcalf &
Eddy, Inc. under a letter of July 28, 1978,
from Ralph T. Garver, Colonel, Corps off
Engineers. Contract No. DACW 33-78-C-0306
has been assigned by the Corps of Engineers
for this work.

,- b. Purpose .-

" (1) Perform technical inspection and evalua-
tion of non-Federal dams to identify

q~ .:conditions which threaten the public;'[.. -l ~ ~~safety and thus permit correction in a 1......

timely manner by non-Federal interests.

(2) Encourage and assist the States to Ini-
t.. tiate quickly effective dam safety pro-

grams for non-Federal dams.

(3) Update, verify and complete the National -. '.-'

Inventory of Dams.

HOLDEN RESERVOIR NO. 2 DAM
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1.2 Description of Project

a. Location. The dam at Holden Reservoir No. 2
is located on Tatnuck Brook, in the Town of - -*.

Holden, Worcester County, Massachusetts (see
Location Map). -6

b. Description of Dam and Appurtenances. Holden
Reservoir No. 2 Dam is an earthfill dam 530

L feet long and 4~8 feet high (see Figures B-1.
B-2, and B-3). The crest of the dam is 24
feet wide and covered with grass. The eleva-
tion of the crest varies from 722.8 on the
upstream side to 724.2 on the downstream
side. The dam ties into natural ground at
the abutments. The embankment is constructed
with a rubble masonry core and puddled fill
on either side. The core wall extends about
5 feet into bedr,.-.k for most of the dam. The
upstream and downstream sides of the embank-
ment are constructed of selected materials
with side slopes of 2:1 (horizontal to verti-
cal). The upstream face of the dam is pro-
tected with riprap. The downstream area of
the dam face was used as a spoil bank during
dam construction. The access road to the dam
and to the east side of the reservoir is on
the spoil bank. The bank is covered with :.:
grass, and there Is a row of trees growing
along the south side of the road. The toe of.,..
the downstream slope is approximately at the
tree line.

The spillway Is an ogee weir located at the
left (east) abutment. Figure B-" 4ndicates a .
cutoff wall into the bedrock ur, ;_-an of the
weir. The approach to the weir is paved with
placed stone and bounded by 6-foot high
mortared stone masonry training walls capped
with granite slabs. The ogee section of the
spillway is made of five granite blocks. Up- -
stream and downstream of the weir, the floor

.-. of the spillway is paved with concrete. The
t crest of the granite weir, which is at El

718.0, is less than 1 foot above the concrete
.. . floor. The weir is 40 feet long. Flash- "-%
.:- : boards can be added to the weir, as evidenced

by the 10 holes drilled into the granite for
pins. When not in use, the flashboards are
stored in the gate house at the dam.

HOLDEN RESERVOIR NO. 2 DAM
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The channel downstream of the ogee weir is
also paved with concrete and bounded by
mortared masonry side walls. At approxi- o. O
mately 35 feet below the weir, a mortared
stone masonry bridge spans the channel in two
archways separated by a central pier. Each .-.

archway is 18 feet long and the bridge is 15 - -.-

feet wide, upstream to downstream side. The
channel slopes down as it passes underneath L "
the bridge. At the upstream side, the maxi-
mum height from the floor of the channel to
the crown of each arch is 4.3 feet. At the
downstream side, this height increases to 7."4
feet.

About 80 feet below the weir, the side walls
curve inward, reducing the width of the
channel to 13.3 feet. The concrete channel
slopes at about 6 percent and ends 180 feet
below this point in a flat-bottomed stilling
basin 24 feet long. The upstream end of the
basin is 26 feet wide and, according to
Figure B-l, there is a second cutoff wall
there. The basin drops vertically about 2.5 -.-
feet below the floor of the channel. The
downstream end is a curved mortared masonry
wall. Water overflowing the basin flows down
a stepped stone cascade weir on the down- - .*-

stream side of the wall and into a second con- - - .,
crete paved channel. This channel is bounded
by a high mortared stone masonry retaining
wall on the right and by the natural slope on
the left side. The concrete pavement ends at
about 70 feet from the cascade and the stream
channel continues downstream bounded by a dry
stone masonry retaining wall on the right.

The outlet works at Holden Reservoir No. 2
include two 30-inch diameter water supply r
intakes and a 30-inch diameter low-level -

outlet for draining the reservoir. Flow
through each conduit is cortrolled by hand- I
operated sluice gates located inside a gate
house. The gate house has a brick super-
is located in the reservoir. Access to the

gate house from the dam is by a single span
steel service bridge with a deck of wood .,
planks. The bridge is secured into the
granite abutments with anchor bolts.

HOLDEN RESERVOIR NO. 2 DAM
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The inlet to the low-level outlet is sub- ,_%.. 0-.
* merged in the reservoir. The pipe is a total

of 617 feet long, and according to the
drawing (Figure B-l), the intake extends 100
feet into the reservoir and the outlet dis-
charges into the stilling basin at El 670.2.
The two water supply conduits originate in a
screened intake well beneath the gate house.
The pipes are in the same rubble beddin in
the bedrock as the outlet pipe, at El 610.0
(see Figure B-3). Seepage collars extend
from the bedding up into the embankment fill.

The 30-inch supply pipes change to 40-inch
pipes beneath the access road. There is a
lower brick gate house at the toe of the dam,
adjacent to the stilling basin. This houses
the valve which controls flow from the
40-inch lines to the chlorination building
downstream. VT
A fourth 30-inch pipe serves as a direct con-
nection from Holden Reservoir No. 1 (upstream

of Holden Reservoir No. 2) to the chlorin- "**".-"." -
ators and pumping stations downstream. This
pipe passes beneath the dam on the right side
of the gate house.

,.-:. .9-.;..,?'-
*.. - ... .. -,

c. Size Classification. The dam at Holden Reser-
voir No. 2 is classified in the "interme-
diate" category since it is 48 feet high,
with a maximum storage capacity of 1,091
acre-feet.

d Hazard Classification. Holden Reservoir No.
2 is situated in a sparsely developed rural
area northwest of the City of Worcester.
Failure of the dam would result in flooding
in the Tatnuck Brook valley, which is mostly

" woodland, and possible damage to the
Worcester pumping and chlorination stations ,..-:.' -":.-'-

, located downstream. The residences closest
to Tatnuck Brook on Olean Street are at least
2,600 feet downstream of the dam, and are
about 5 feet above the present stream bed.
The damaging effect of a flood wave could
effect no more than two residences in this
area. For this reason, the dam has been
placed in the "significant" hazard category.

HOLDEN RESERVOIR NO. 2 DAM
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e. Ownership . The reservoir and dam are owned -* ""
by the-Department of Public Works Operations-
Water, City of Worcester, 20 East Worcester ._,
Street, Worcester, Massachusetts. Mr.
Kenneth Starbard, Supervisor of Water Supply(telephone: 617-829-4811) granted permission

to enter the property and inspect the dam.

f. Operator. The Supervisor of Water Supply and L 0
his staff operate the outlets at the dam, as
well as the pumping station appurtenant to
the water supply system.

g. Purpose of Dam. The purpose of the dam is to
provide storage for the City of Worcester. -
water supply. Holden Reservoir No. 2 is the
distributing reservoir in the low service '" "
supply system. The four other reservoirs in
the system are Quinapoxet, Pine Hill, Kendall , ,
and Holden Reservoir No. 1, all located in
the Town of Holden.

1*'.-. h. Design and Construction History. The only ' ...

plans available for this dam are dated May 8,
1900. The dam, which was presumably built
soon after that, is the oldest dam in the low
service system. Generally the dam has
remained in good condition since its construc-
tion. An inspection report prepared in 1942
by Worcester County refers to "slight seepage.
at the foot of the structure" with no further ..
explanation. There is no mention of seepage
or leaking in subsequent reports. A 1960
report stated that the spillway was in good -
condition and a minor crack in the "south" " ,
wall was not a dangerous situation. However,
the inspector did recommend that the masonry -
walls be repointed. It was also recommended ' -_

that all the mortar be removed from the rip- 1
rap and replaced by rich concrete grout.

9-..-., .J.y

i. Normal Operational Procedures. Water from ,"-.-" "
Hoden Reservoir No. 2 enters the chlorina-

to tion station downstream of the dam, on Olean
Street, and then the distribution system
serving the City of Worcester. The operating
procedure at this site is to retain the maxi-
mum possible storage in Holden Reservoir No. 2
in order to maintain the maximum pressure
possible in the City system.

HOLDEN RESERVOIR NO. 2 DAM -'.,' '
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Twenty-inch high flashboards are usually
added to the weir in the springtime, after ._..__,.-_
the ice melts. These are removed once the 0
water level is below the crest. : "

1.3 Pertinent Data " '" .-

a. Drainaxe Area. The drainage area contribut- >
ing directly to Holden Reservoir is approxi- . _
mately 3,258 acres (5.09 square miles). It
includes sparsely developed-. Ailly woodlands
with average slopes estimated at 6 percent.
Residential development is limited to the
vicinity of South Road at the north end of
the basin. The entire watershed area is
controlled by the Worcester Department of- "
Public Works. Silver Spring Brook, Scott
Brook, Wadsworth Brook and Tatnuck Brook all
discharge directly into Holden Reservoir No.
1,, which drains by open channel and by
pipeline into Holden Reservoir No. 2. Water
from Quinapoxet, Pine Hill, and Kendall Reser- . ....
voirs, which are in a different watershed, is
diverted to Holden No. 1 and No. 2 reser-
voirs.

b. Discharge at the Dam Site. Normal discharge
is over the ungated spilway. The spillway X. ..
is 40 feet long, with the crest at El 718.0.
Water flows down the 250-foot long concrete '

and mortared masonry channel into a flat-
bottom stilling pool. The pool extends about .. "*'*
24 feet. At the downstream end, water flows
over the curved stone masonry wall and down a ,-..
stepped stone cascade into a second concrete
channel. This channel, which is bounded on
the west (right) by a high masonry retaining ,: ... '...
wall, ends about 70 feet below the stilling
basin. The natural stream channel then
passes through an area with trees and brush -
to a small pool and control dam. The stream .
joins Tatnuck Brook about 600 feet below this
pool.

The spillway can discharge an estimated 1,830 .
cfs with the water surface at El 724.0, which '.
is the average elevation of the irest of the -
dam. An outflow test flood of 4,220 cfs
would overtop the dam by about 1.2 feet.

HOLDEN RESERVOIR NO. 2 DAM
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With the reservoir at the same elevation as
the crest of the dam, the spillway will dis-
charge 43 percent of the test outflow.

Daily weir readings for Holden Reservoir No.
2 are available at the Worcester DPW offices.
Those records indicate that the dam was not
overtopped during the 1938 or 1955 floods. r

c. Elevation (feet above Mean Sea Level (MSL)).
The elevation of the crest of the spillway
was established as a benchmark at El. 718.0.
This elevation was estimated from a U. S.
Geological Survey topographic map.L

(1) Top dam: 722.8 on upstream side,.. ::
7214.2 on downstream side *.

(2) Test flood pool: 725.2

(3) Design surcharge (original design): IL.. T S
Unknown

(4) Full flood control pool: Not applicable
(N/A)

(5) Recreation pool: IT/A

(6) Spillway crest: 718.0

(7) Upstream portal invert diversion tunnel:
N/A

(8) Stream bed at damn (original stream bed):
675.8

(9) Maximum tailwater: None

d. Reservoir

(1) Length of maximum pool: 2,500 feet

(2) Length of recreation pool: N/A ~--:

(3) Length of flood control pool: N/A

e. Storage (acre-feet)

(1) Test flood surcharge (Net): 350 at El '%. i*f*

725.2

HOLDEN RESERVOIR NO. 2 DAM
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(2) Top of dam: 1,091

(3) Flood control pool: N/A A _'V

(4) Recreation pool: N/A

(5) Spillway crest: 797 (without
flashboards)

f. Reservoir Surface (acres)

'(i) Top dam: -49

*C2) Maximum pool: 49

(3) Flood-control pool: N/A

(4) Recreation pool: N/A

(5) Spillway crest: -49

g. Dam

(1) Type: earthfill ...

(2) Length: 530 feet

(3) Height: 48 feet

(4) Top width: 24 feet -. '

(5) Side slopes: Upstream: 2:1
Downstream: 2:1

(6) Zoning: Rubble core, puddled fill, and
selected fill -

(7) Impervious core: Rubble core

(8) Cutoff: Rubble core keyed into bedrock

(9) Grout curtain: Unknown

YBased on the assumption that the surface area will
nit significantly increase with changes in reservoir
eleva-tion from 718.0 to 7214. .0 :,*..-..

HOLDEN RESERVOIR NO. 2 DAM
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i. Spillway

(1) Type: Ogee weir - provisions for O It

20-inch high flashboards

(2) Length of weir: 40 feet

(3) Crest elevation: 718

(4) Gates: None

(5) Upstream channel: Mortared stone pave-
ment, then concrete slab. Mortared
stone masonry training walls, capped
with granite

(6) Downstream channel: Concrete channel
with vertical mortared stone masonry
walls; maximum 40 feet wide, 3 feet
deep. Channel is 250 feet long, ends in "
concrete stilling basin. Beyond basin,
concrete paved channel changes to
natural stream channel bounded on the .* ,-,--* ',* b . .. ,..

right by a dry stone masonry retaining .": "
wall .. < -2,%.-.-:

Regulating Outlets. The regulating outlet at

the dam is a 30-inch diameter cast-iron pipe.
The pipe is shown on the drawing (Figure B-l)
to be 617 feet long, with the invert at El N..':
680.0. The inlet to the conduit is located
on the bottom of the reservoir. The outlet
is shown at the right sidewall of the still-
ing basin. Flow is controlled by a sluice
gate in the gate house, upstream of the dam. -
The gate is operated by a handwheel inside v "".
the gate house. Hydraulic calculations
indicate that the outlet has the capacity to
discharge 100.4 cfs. r..

• . 9,. . .. '.... ..2

*.. ... ,, . .:

* . .. .-....
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"..SECTION 2

*ENGINEERING DATAA- k

2.1 General. Three plans are available of the dam at
Holden Reservoir No. 2. These plans are dated. -

May 8, 1900 and show the embankment, spillway and
outlet conduits. There are no specifications or-
computations available from the Owner, State, or
County offices relative to the design and con-
struction of the dam. The remaining data avail-
able for this evaluation were visual observations
made during the inspection, review of previous
inspection reports, and conversations with City, 9 A.
State, and County personnel.

We acknowledge the assistance and cooperation of
personnel of the Massachusetts Department of
Public Works: Messrs. Willis Regan and Raymond
Rochford, and of the Massachusetts Department of -
Environmental Quality Engineering, Division of
Waterways: Messrs. John J. Hannon and Joseph.. .

.agallo.

Also, we acknowledge the cooperation and assis-
tance of personnel from the Worcester County
Engineer's Office: Messrs. John O'Toole, Joseph
Brazauskas, and Mr. Wallace Lindquist - recently
retired from county service. .

Mr. Kenneth Starbard, and personnel from the
Worcester Department of Public Works Operations-
Water, provided information on the construction,
history, and operation of the dam.

2.2 Construction Records. There are no construction
records available.

2.3 Operating Records. Operating records for the
entire water supply system are kept at the Depart-
aent of Public Works office in Worcester. These
are daily reports of rainfall, water level,
storage volune, and depth of flo over weir.

2.4 Evaluation

a. Availability. Other than hydrologic and
Wanhydraulic data referred to in Section 2.3, -*. ..

HOLDEN RESERVOIR NO. 2 DAM
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there is very little engineering data . . .-

available for this dam. The Department of
Public Works file is incomplete. t--. .

b. Adequacy. The lack of in-depth engineering
data did not allow for a definitive review.
Therefore the adequacy of this dam could not
be assessed from the standpoint of reviewing
design and construction data, but is based 0 e
primarily on visual inspection, past perfor-
mance history and engineering Judgment.

c. Validt The available information is con-s idere d valIid. ...L.:_ ."-] '

*L F

S.- ,
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SECTION 3

VISUAL INSPECTION S S

3.1 Findings

a. General. The Phase I Inspection of the dam
at Holden Reservoir No. 2 was performed on • 0
September 13, 1978. A copy of the inspec-
tion checklist is in Appendix A. Previous
inspections of this dam have been made by
others since 1924. A partial listing of
these inspections is in Appendix B. A copy ____' -
of the 1973 inspection report by the Massa- 0..
chusetts Department of Public Works is also
included in Appendix B.

b. Dam. The earth embankment of the dam is in
generally good condition. The crest and down-
stream slope are clear of brush and trees. L... .
Numerous animal burrows were observed at the
downstream toe of the dam, in the spoil bank
area. The grouted riprap on the upstream
slope is in fair condition. Some of the *'" ."

riprap Is missing and there are weeds growing
through cracks in the grout. The condition .* .
of the riprap Is poorest in the vicinity on
the service bridge to the gate house. Here,
settlement and slumping of the slope is
evident by the large cracks in the grout,
parallel to the axis of the dam.

c. Appurtenant Structures. The spillway is in
good to fair condition. Stone walls in the
approach and downstream channel show a signi-
ficant amount of efflorescence. Some mortar
is missing between the stones. The floor of
the approach channel has some weeds growing _
up through cracks in the mortar. The con-
crete slabs on the floor of the channel are
in fair condition. Some of the slabs are
cracked. Weeds are generally growing in the
construction joints and at the base of the
sidewalls.

The granite ogee weir is showing signs of
deterioration. One secton of the weir has
been patched with mortar that is beginning

HOLDEN RESERVOIR NO. 2 DAM
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to spall. Elsewhere the granite has been
chipped at the crest. The weir is stained _"--'o_-"_

with rust from the flashboard pins.

The bridge over the spillway shows heavy
efflorescence, particularly under the arch-
ways. The mortar is crumbling between the
stones and often missing altogether in some
placed. Settlement of the central pier is •
evident by the diagonal cracks appearing on
the upstream face of the bridge and by other
cracks in the concrete floor around the pier.
There is another large crack in the mortar on
the downstream face of the bridge, at the
right spillway wall. The decorative capwall S •
on the bridge has been displaced on the up-
stream side. An entire section of this wall
was knocked off the downstream side by a
iehicle. Pieces of the wall are still lying
on the floor of the downstream channel.
There are areas of erosion on the earth S S

slopes at the bridge abutments.

The basin at the toe of the spillway channel
shows an accumulation of soil and rocks, par-
ticularly at the upstream end. There is a
6-inch diameter cast-iron pipe extending .
through the cascade weir from the basin.
There was no flow in this pipe, and its func-
tion is unknown. There is a 30-inch diameter
opening in the right side wall, below the cas-
cade. This would appear to be the outlet for
the low-level conduit, but the pipe is .
blocked off about 5 feet back into tle wall.

Trees overhang the natural stream channel,
and weeds are growing on the floor below the
basin and lower concrete channel.

* S

The gate house in the reservoir is in good
condition, with only minor cracking in the
brick work. The three hand-operated sluice
gates are reportedly in good operating con- . --
dition. The screened intake is kept clear
at all times.

The service bridge to the gate house is in
fair condition. The granite abutments and
steel girders are in good condition, but the

HOLDEN RESERVOIR 11O. 2 DAM
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bearings are badly rusted on the bridge, and
the expansion joints at the dam side of the
bridge are missing. The concrete slab at the l
approach to the bridge shows minor cracks.

The exterior of the lower gate house is
fairly well maintained, although the steps at
the entrance are generally overgrown with
weeds. The interior was not inspected.

d. Reservoir Area. Since Holden Reservoir No. 2
is used for a public drinking water supply,
development near the reservoir is prohibited
by the City of Worcester. A private camp is
located on the far side of the hill just east o ,
of the reservoir, but outside the drainage
area. There are no residences on Reservoir
Road, which is the only other road near
Holden Reservoir No. 2.

e. Downstream Channel. The channel passes -
through an overgrown, wooded area until it
reaches a clearing and diversion pond. This
is in the area of the chlorinators and pump-
Ing station operated by the City of -
Worcester. After that, the stream joins ' -:,

Tatnuck Brook, about 1,700 feet below the J&
dam, and it continues through sparsely devel-
oped woodland to Cook Pond, in Worcester.

3.2 Evaluation. The dam at Holden Reservoir No. 2 V .
appears to be in good condition. The slightly
deteriorating state of the spillway channel and
side walls indicates that this area requires more
adequate maintainance. Recommended measures to
improve these conditions are stated in Section• 7.3.

*- ". + . .. *1 o*
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SECTION 14

4 OPERATING PROCEDURES 9

4.1 Procedures. The storage in Holden Reservoir No.
2 Is care-fully controlled by the Department of'
Public Works as it is a significant element in
the public water supply system f'or the City of'
Worcester. Water leaving this reservoir, either
by gravity or pumping, passes through the chlor-
ination building before entering the City distri-
bution system.

Daily records of' operating procedures are main-9.
tamned by the Worcester Department of' Public
Works.

4.2 Maintenance of' Dam. The Supervisor of Water
Supply for the Worcester Department of' Public
Works retains a permanent staff' for routine main-
tenance of the dam and related facilities. The
work generally consists of' mowing the grass on ,

the dam, removing brush and debris from fire-
lanes, brooks, and the spillway channel, and
clearing dead wood from the watershed area.

4.3 Maintenance of Operating Facilities. The screens
at the gate house are checked daily and cleaned

.7as necessary.% V

4.4 Description of Any Warning System in Effect.
P There are no warning systems In effect at this
t %* dam. The Supervisor does not recall any occasion

when the low-level outlet at the dam was opened *:'

in advance of a storm warning. The water level
In the reservoir is carefully regulated daily. .*4

4.5 Evaluation. An effective operating program has
been develped to ensure a constant supply of'
water to the City of' Worcester. Maintenance of
the dam and watershed is regularly scheduled, how-'N.,N
ever, nore attention should be paid to the main- 4--

tenance of' appurtenances - particularly the
spillway. In addition, the need for an emergency ~ i-
warning procedure is evident, considering that

* the dam is in the "significant" hazard category.
Recommendations for a more thorough maintenance
program and a warning system are included in
Section 7.3.

HOLDEN RESERVOIR N1O. 2 DAM1
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SECTION 5

HYDRAULIC/HYDROLOGIC

5.1 Evaluation of Features

a. Design Data. The probable maximum flood
(PMF) rate was determined to be 1,900 cfs per 0 0
square mile. This calculation is based on an
average drainage area slope of 6.0 percent,
the pond-plus-swamp area to drainage area
ratio of 6.6 percent (reflecting Holden
Reservoir No. 1), and the U.S. Army Corps of
Engineers' Flow Rates (dated December 1977).
Applying one-half the PMF rate to the 5.09
square miles of drainage area results in a
calculated peak flood flow of 4,900 cfs as
the inflow test flood. By adjusting the -

inflow test flood for surcharge storage, the
maximum discharge rate was established as .
4,220 cfs (829 cfs per square mile) with the

water surface at El 725.2. "

During peak outflow, approximately 1,800 cfs
would pass over the crest of the dam, with a
maximum velocity of about 5 feet per second
and a depth of 0.8 feet under critical flow
conditions. The spillway has the capacity to
discharge 1,830 cfs with the reservoir
surface at El 724, which is the elevation of - .
the crest of the dam. This discharge rate is
equivalent to 43 percent of the test outflow.

b. Experience Data. The daily operating records
for the 193b and 1955 floods were reviewed at .- '...
the Department of Public Works office. These
indicated that the dam was not overtopped in
either storm.

c. Visual Observations. At the time of the in-
spection the water level was 1.3 feet below
the crest of the spillway, and there were no
flashboards in place. The minor amounts of
debris in the spillway channel should be
removed. The concrete slabs lining the floor -- :.--.

of the channel are slightly dislocated and
appear to be undermined in areas. %

*** '.*,
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d. Overtoppin Potential. The hydraulic compu-
tations indicatethat the dam would be over- -
topped during the peak test flood. The depth
above the minimum crest elevation would be .'- *

1.4 feet, with a unit flow of 4.2 cfs per ,,*..
foot.'.'- .

If the dam failed, the initial outflow would
be up to 20,000 cfs, producing an initial
wave height of 8.5 feet at a velocity of 9
feet per second at a location 2,000 feet down-
stream from the dam. In the event of
complete failure, the reservoir could drain _"'"_"""-_

in 1.3 hours. AL

Failure of the dam would result in flooding
in the Tatnuck Brook valley, which is mostly
woodland. There are two nearby residences on
Olean Street located adjacent to Tatnuck
Brook about 2,600 feet downstream from the
dam. The damage by a flood wave would affect
no more than these two residences.

HOLDEN~~~* REEVI N.2D.
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SECTION 6

STRUCTURAL STABILITY ... ;

6.1 Evaluation of Structural Stability

a. Visual Observations. The evaluation of the
stability of Holden Reservoir No. 2 is based 0 O
on the visual inspection conducted on
September 13, 1978, and on a review of the
available drawings and operating records. As
discussed in Section 3, Visual Inspection,
the embankment appears to be in good condi- " .. •
tion. However, the significant number of
animal burrows on the downstream slope
require attention.

b. Design and Construction Data. The available
drawings, included in Appendix B, indicate a
core wall extending the length of the dam. -
The core wall extends at least 5 feet into -.

ledge, and up to 16 feet in the vicinity of
the outlet conduits. The cross-hatched
pattern on the plans suggests a rubble
masonry core, presumably grouted. The core
was backfilled on either side with puddled
material and then covered with some other
unidentified "selected" material on the "-'
upstream and downstream slopes. There is no ..

other information available on the type, "
shear strength, and permeability of the soil
and/or rock materials of the embankment.

c. Operating Records. There is no evidence that
instrumentation of any type was ever ..
installed in Holden Reservoir No. 2 Dam. The
performance of this dam under prior loading r *
can only be inferred by physical evidence at
the site.

d. Post-Construction Changes. There are no as-
built drawings available for Holden Reservoir
No. 2 Dam.

e. Seismic Stability. The dam is located in ..

Seismic Zone No. 2 and in accordance with .-.

Phase I "Recommended Guidelines" does not .

warrant seismic analyses.

HOLDEN RESERVOIR NO. 2 DAM
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SECTION 7 - .-.
ASSSSMNT RECOMMENDATI.ONS,

AND REMEDIAL MEASURES -..-.. <,'-?-

7.•1 Dam Assessment v' -..- •"

a. Condition. Based upon a review of available
drawings, the visual inspection at the site,
and a review of the maintenance and operating
procedures, minor deficiencies in the dam
should be corrected to assure the continued
performance of the dam at Holden Reservoir
No. 2. Generally, the dam is considered to
be in good condition. However, several signs ....
of distress were noted at the site: cracked
and missing mortar in the walls of the spill- ,.
way channel; settlement cracks and slumping
in the grouted riprap in the area of the gate -

house; the significant amount of efflores-
cence in the walls and in the stone bridge

over the spillway; deteriorating granite and
concrete patchwork on the ogee weir; slight .-- .
erosion of the earth slopes at the bridge .. ,.- ,
abutments; dense vegetation in the downstream
channel; and innumerable animal burrows in
the downstream slope of the dam. .

Hydraulic analyses indicate that the spillway ,
can discharge a flow of 1,830 cfs when the
reservoir is at El 724.0, which is the - -

average elevation of the crest of the dam.
This flow rate is only 43 percent of the test
outflow. An outflow test flood of 4,220 cfs
(one-half the probable maximum flood) will. -...- , -.

overtop the lowest point on the dam crest by
1.41 feet.

b. Adequacy. The lack of in-depth engineering
data did not allow for a definitive review.
Therefore the adequacy of this dam could not -.-
be assessed from the standpoint of reviewing
design and construction data, but is based
primarily on visual inspection, past perfor-
mance history and engineering judgment.

c. Urgency. The recommendations and remedial
measures outlined below should be implemented
by the Owner within two years after receipt

HOLDEN RESERVOIR NO. 2 DAM -,-
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of this Phase I Inspection Report. However,
repair of the training walls and floor of thespillway should be undertaken within one •

year......-....-..

d. Need for Additional Investigations. Addi-
tional investigations to further assess the
adequacy of the dam are outlined below in
Section 7.2, Recommendations. •

7.2 Recommendations. In view of the concerns over
the continued performance of the dam it is recom-
mended that the Owner employ a qualified consul-

tant:
a. to conduct a more detailed hydrologic and , .

hydraulic investigation at the site;

b to design repairs for the spillway and
training walls.

The recommendations on repairs and maintenance
procedures are outlined below under Section 7.3, _%%
Remedial Measures. --

7.3 Remedial Measures

a. Operating and Maintenance Procedures. The
grounds and embankment of the dam are well
maintained. However, it is recommended that
the Owner add the following items to the
maintenance program:

(1) repair the stone masonry side walls to
the spillway, and resurface the floor of
the channel '* "" "-

(2) repair the stone work on the bridge
spanning the spillway

(3) repair or replace the granite weir on
the spillway

(4) clear the accumulated soil and rock from
the stilling basin

(5) fill in the animal burrows on the down-
stream face of the dam

(6) clear the bushes and weeds from the down- ..-..

stream channel

HOLDEN RESERVOIR NO. 2 DAM-
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()all repairs arnd maintenance should be
undertaken in accordance with all applic-
able State regulations, ~*

(8) institute a definite plan for surveil-
lance and a warning system during
periods of unusually heavy rains and/or
runoff,

F (9) technical inspections of this dam shouldq
be conducted on an bi-annual basis.

7.4 Alternatives. An alternative to implementing the
recommendations and the maintenance procedures-
itemized above would be to lower the reservoir.

HOLDEN~~% REEROI 110.2DA
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PEPIODIC INSPECTION 0

PARTY ORGANIZATION

rn PROJECT Holdevi ~e-rNo I. DATE ql/1-31
TIMP 0' o , Qa1.

WEATHERSn5,&C"Pr

W.S. ELEV. 717_U1 s -_Z:

ARTY: &+4vhrr-rk elconhea'718
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PERIODIC INSPECTION CHECK LIST _____

PROJECT H-olden Ujo. .2 DATE 91 13178.*.

PROJECT FEATURE barn NAME t.. (eo

DISCIPLINE &eoteennecal NAME eW0 9 e, _____

0

kote: dis; w o-'srrear,: as U12steam
AREA EVALUATED CONDITIONS

DAM EMBANKMENT '

Crest Elevation 72+.; on~%.sei s;tz.

Current Pool Elevation r7q .7

%:aximum Impoundment to Date _____

Curface Cracks n" Vi. ~/bie,

Pavement Condition 90,5S0/ Orest

7iovement or Settlement of Crest re l iatwe. f

Lateral Movement no appret' rrven'3ent'

Vertical Alignment re Ia b u.i #)4Pd

Horizontal Alignment see I atve.y S1-rv k t

Condition at Abutment and at riL I 13  atri-
Concrete Structures W~t~adS~l~~ ~ et

Indi~cations of Movement of ~se~Ialyl ne
Structural items on Slopes sftuture in god ca, a

Trespassing on Slopes ~r~ fC-pnn.h~~a l
______ _____ _____ _____ _____ 40C c'en-e.- of ca~

Sloughing or Erosion of Slopes W~owed Dotss on a is Sofre.
or Abutments

Rock Slope Protection -Riprap wetcfs stwv

Unusual Movement or Cracking at .

or near Toes

Unusual Embankment or Downstream ,.cfev&2 p

Seepage

Piping or Boils norie v-'Iebl

Foundation Drainage Features none

Toe Drains none

Trstrumentat ion System nn
pagenfl oi'-
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PERIODIC INSPECTION CHECK LIST-

PROJECT Ho0cien * DATE --
PROJECT FEATURE I-ntctke 57vUeA-er NAME b.8ornsfe-6

DISCIPLINE- Stvuctu-m 1twetyraa.tlic NAME I.. roe~a an --

AREA EVALUATED CONDITION *:::

OUTLET WORKS - INTAKE CHANNEL AND..........
INTAKE STRUCTURE 0

a. Approach Channel eetrigYpedv6

*Slope Conditions t10Y

Bottom Conditions ut.&jfow.O 4!

Rock Slides or Falls a

* i..og Boom ric CA.

Debris urtlna4d)0

* ~Condi' ion of Concrete Lining n(

Drains or Weep Holes nIa

t,. Intake Structure ______________

* ~Condition of Concrete ___________

StopLogs andSlots ______________

pagep~



PROJCT ~pllet *~PERIODIC INSPECTION CHECK LIST
PROJECT___Holden____2 DATE 93 178

PR(UjECT F EA T URE OtA+e t' - its - 4e hwie NAME D. o5t-e,

DISCIPILNE s~ViAxtk ' furui' NAME L- -ar %

AREA EVALUATED .CONDITION

:UTLET WORKS - CONTROL TOWER

a. Concrete and Structural (Ondlar'* wllcIs
ie.-,eral Condition go

Condition 7' Joints

Spalling ________________

VisibleReinforcing_________________

Rusting or Staining of

r -Concrete 
_ _ _ _ _ _ _ _ _ _ r

Any Seepage or Efflorescence flyie

Joint Alignment

Unusual Seepage or Leaks in ncy ii~

Cracks f~i ~ i (L fon ~zct
___ ___ __ ___ __ ___ ___ __ ___ _ lei beap- o F bro eks

Rusting or Corrosion of Steel

*Mechanical and Electrical3hadoc-frswe oSS

Air Vents nre

Float Wells ~c

Crane Hoist ra__

Elevator o

Hydraulic System n

Service Gates -scweeneel inftoe '

Emergency Gates nn

4Lightning Protection System nol w

L ~Emergency Power System none______ __

Wirinpr and Lighting System
In ,ate Chamber ____

6-4~w

* 0 S S 5 5



r PERIODIC INSPECTION CHECK LIST

PROJECT Iile ~ ~DATE qi-7

PROJECT FEATURE &Kda~e tv Cna* thkcSe NAME b v',ti

DISCIPLINE SflrOt-Tra. NAME____________

AREA EVALUATED CONDITION

OUTLET WORKS - SERVICE BRIDGE 51,t 6ean, w.~ca p1&oYK cleatj
19L I of r r-e sree) (Iran )

a. Super Structurecj res

Bearings e1Ijrste

- ~Anchor Bolts eSwD rnd'be. ftie -

Bridge Seat rs.-e(essbs'tIl)

Longitudinal Members sfee 1 rct trs

Under Side of Deck wodde c- !3od car~cI,M~v

Secondary Bracing -

Deck L)c tvs-3c ~~d4

3Drainage System r)0

Railingsl8-vc--t 9 ,'f Zlj)S

Expans ion Joints mi-s~strq 4nd rusiei ou-f t arn ..s~de

Paint C, C, Con c If~r h oS
Am_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ ~

b. Abutment and Piers & i

General Condition of Concrete no CPartre-C - 5~rift ten qoc Ckrdohd

Alignment of Abutment S5i5hfir c 1 1 C irr

Approach to Bridge UereP'fz-t slab ,mine'o- C,*uek-

Condition of Seat and grr,- Locad 30c onh-
Backwall

page-d--of g-
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PERIODIC INSPECTION CHECK LIST

PROJECT Holdeyi .) DATE q1 1317 a

PROJECT FEATURE Lggg, Gakc HcxuSe NAME b )f~ff~ '~

DISCIPLINE s trturrj-NL~dr-qktd NAME L. -~ar

AREA EVALUATED CONDITION t:pi,*.

OUTLET WORKS - OUTLET STRUCTURE
-~~ AND OUTLET CHANNEL 6rjj _r-~ 10Lildfl9 7OL(SeS kJ~e~ V

.,ener'al Condition of Concree ~ ~ o.-e

Rust or StainingflO

Spalling nomc

Erosion or Cavitation float*..

Visible Reinforcing ___________________

AnySeepage orEfflorescence ___________________

Condition at Joints 300tA f, 4 lr

Drain Holes none-

Channel 4C --I ~~ isc~ rOh~rt~

Loose Rock or Trees Over- 0 r'i dare t .fh4aa..
hanging Channel

Condition of Discharge
Channel filet ______________

pa,7, or

.4A



~. .. * ,-*..-- -..-...-. a..-...-.

PERIODIC INSPECTION CHECK LIST

PROJECT Ho|lck d .n DATE 9)13 7.? " :'

PROJECT FEATURE 1,FJW!j NAME L. ,.-." ""

DISCIPLINE HtcIal.ei /StL et.v- I NAME b. 8o,',-'re,

AREA EVALUATED CONDITION

OUTLET WORKS - SPILLWAY WEIR, 5 V)OS flj tV,*f) .. o3  L.-. -..
APPROACH AND DISCHARGE CHANNELS 5ite - pdved C'honnj_ Lhale-s

se- pefvdDeLiv ber dd,,sq + -.-. -
a. Approach Channel AX~it elf) &n'ei .saepetct

General Condition O p t h e

Loose Rock Overhanging no -

Channel

Trees Overhanging Channel none

Floor of Approach Channel stvne ad coh, ,ret: "

e "0rE e~ 1003e61 &n ryvoe, ov tuirti

b. Weir and Training Walls , o~ce we,r . cr __ ..---

General Condition of i- ae tc onr Weir ,s loose '
Concrete

Rust or Staining rusk 4 vm 41ashboOa'cI pns

Spalling patch or% we,,- is .p% ed

Any Visible Reinforcing notv. %

Any Seepage or Efflorescence s.yni,-eant ef4-(o,-escece

Drain Holes none -

c. Discharge Channel Conre-C )abs

General Condition oo '1 - s, CrnCewe: ds u*"$-.
e-o6.on - , tv roamew ,,t dis lef* C but.

Loose Rock Overhanging,- -".. -
Channel

Trees Overhanging Channel nOneZ -,-_

Floor of Channel CcrtCl, +ei eeees C-P slab mlss,' "
;'; :.... ,-- ,.... ',

Other Obstructions none.

, "-.a .... ,'

. .- ~~ .* . . ." "

page 2.o fA_._ ' !;
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Pecvj
-biv. ,WA I o -74 -- ex-fw

!INSPECTInO R~EPORT - DAflS A,.qD RES.. .OR

1% Locations Cit/T n am N~/? S Y oe: 3 1

Name of ___________r,_Inspect______R_4

Date of Inspettio ~

2. Owner/$& per% Assessors _______Proe, Inspection_______ >- -

Reg. of Deeds Per$. Contact ________ .;

Name' St. & Noe City/Town !ktite Tel. No.e

2.
Name St. & i0* City/Town State Tel, No.

3.

*Name St. & moo City/Town State Tel* o,

3. Caretaker (if any) e.g. superintendent, plant manager, appointed
by absentee ovinerp appointed by multi owners.

Namesa St. & Noes

City/Towna stte Te*H

4. No. of Pictures takenA. 4lA?..

So, Degree of Hazards (if damn should fail completely)* - '.

1.Minor _____________2. Moderate . . .

3.____Severe____ 4. Disastrous fit_________

This rating may change as land use changes (future development)

J 6. Outlet Controls Automatic _ _ __Manual________

Operative _______________ No.

by J L44,
7. Upstream Face of Dam% Conditions

1.0 Good _______2. X41nor Repairs0 0

.ng~Comnen~s3 Major Repairs ___4. I'rgent FPepairs -

B- 6

.7-._



-2- DAZ _____"_/-__

8. Downstream Face of Dams

Conditions 1. Good _ ___ 2. Minor Repairs

3. Major Repairs _ 4. Urgent Repairs
1y~ S... -d ° '

Commentss 67sf/te/y 9/Lc/ ~ 'it''4~ h~co..,., .. 'tl..

9. Emergency Spillways

Conditions 1. Good 2. Minor Repairs

3. Major Repairs 4. Urgent fepairs

Comments 1.--kTA6't"~~ f~

10. Water Level at time of inspection: ft. above

top of dam __ principal spillway--. ,

other_________O.

11. Summary of Deficiencies Noted&

Growth (Trees and Brush) on Embankment,A<'$

Animal Burrows and Washouts A '-,

Damage to slopes or top of dam ./,: -.

Cracked or Damaged Masonry ___________________,/ i/
/- J- S.S../I - °-- -

Evidence of Seepage ,-

Evidence of"Piping A./.! -4" -" -,

Erosion .

Leaks . , " " "

Trash and/or debis impeding flow

Clogged or blocked spillway A ''. . . . . . . . . . . . .. . . . . . . . . . . . . .... . S. . ..- ;

Other . •

B-7

- ~ . *j. ',.'' %o.

. . . . . . . . . . . . . . . . . . . . . . . . . . ...----- .......
**-- S.-.. . . . . . . . . . . . . S.".."-. .

- . -S. .o .. ._~. ~ ~k -~ . - .' _



-3- DAI NO.-__________

2. Remarks &Recommendationss (Fully Explain)

/3 ~*)A)~e-e-d -010#'C Rd;-P,4/RS 47f-W

4* Unaf

. .. . . I . . . . .
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V.~~ ~ Z': 0_ .*F

7I0AJ- 0

DESCPlIPTIO4 OF DAM

DISTRICT3

Submitted by/2 ' Ji pe Dam No. L7-,~~ 3-6Z

Date Lr/ 5 17.3 A/Town ___ __ __

Name of Dam ~ '

1, Locations Topo Sheet No 2  /

Provide SX,." x 11' in clear copy of topo map with location of.* *
Dan clearly indicated.

2. Year built: Ye ar/s of subsequent repairs

3. Purpose of Dams Water Supply S'Recreational ________

Irrigation ______ Other IN__________

4. Drainage Areas ....... ,14..... sq. mi. ___________ acres

5o Normal Ponding Area: _______acres; kve. depth

Impoundments gas;__________acre ft.

6. No* and type of dwellings located adjacent to pond or reservoir

le.* summer homes, etc, _____________

7. Dimensions of Dams Length _ ______Max. Height t d'

Slopes: Upstream Face________

Downstream Face2:-

Width across top 2 2
8. Classification of Dam by Materials

Earth ______Conc. Masonry StoneMasonr ______

Timber _____Rockfill _________Other _________

9. A. Description of present land usage dow:nstream of damn:

% rural; %urban. 6

B. Is there a storage area or flood plain downstream of dam which
could acconodate the impoundment i .bCevent of a complete
dam failure? yes _______no _______

B- 9

Ole



DAM NO. ~/-~s'~

10. Risk to life and property In event of complete failure.

No. of peop1le'~e

No* of homes 'f)t

No* of Businesses *

Roo of industries P 0A.~ tf Type______
W4 7",e; r?/ ~#

No* of utilities 4Y e* 5 y eZre~ r ''2

Railroads X/OA)e_.

- - ~~~~Other damse ______________

Other 'k1 ,1 -'%/.A / )A,( ~ 4 /

11. Attach Sketch of dam to this form showing section and plan
on 8~j" x 11" sheet.

12. How to Locate&

/.e

B- 10
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APPENDIX C
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PHOTOGRAPHS
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NO.5 GRANITE WEIR AND FLOOR OF SPILLWAY
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"A 4,.- -
~44.44*
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r *?.. *
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NO.~~~~ ~ ~ ~ 7 ONTEMCANE FSILA

NO. 7 DOWNSTREAM CHANNEL OF SPILLWAY,
AND~~ STLIG AI
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APPENDIX D

HYDROLOGIC AND HYDRAULIC
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INFORMATION AS CONTAINED IN THE 0
NATIONAL INVENTORY OF DAMS
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